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x-archive-meta-abstract: Both Gunn and Morozov have reported breakdown paths (tracking) on the surface of germanium under hot carrier conditions. Many silicon and gallium arsenide device failures appear to have been caused by similar breakdown tracks extending between contacts or across junctions. In the present work on silicon, extremely anisotropic tracking has been observed on the surface of long, thin, forward biased, n+ - p - p+, silicon diodes. The tracks propagate only in (100) crystallographic directions, independent of the applied field orientation, the temperature, or the crystal growth direction. For example, on a sample with a {100} surface plane, having the field oriented along a (110) direction, the tracks propagate along (100) directions which are 45� away from the applied field. Tracks on {100} -plane, disk shaped diodes, propagate radially from the center (positive biased) ohmic contact region, and mark off the (100) directions within 2�. Tracking requires both high current densities (~ 5 X 103 A/cm2) and high fields (~ 15 kV/cm), and occurs most readily on the p-region of 10 ? cm, n+ - p - p+, (100 ) oriented diodes. Diodes with n+ - n - p+ structures having n-regions ~ 1 ? cm, and n+ - n - n+ structures of ~ 1 ? cm will also track, but require much higher fields and the (100) tracking orientation is not clearly defined. Tracking does not occur on diodes having the field oriented along a (111) direction. Two basic types of tracks are observed. The first resembles a series of tiny explosion craters (~ 10 � m diam). The second appears to be continuous in nature, even though it is extended by each applied pulse. These tracks may be several micrometers wide and deep. It is also shown that hot-minority-carrier sample explosions are anisotropic and not, as generally assumed, caused by thermal breakdown. Typically a {110} (111) oriented n+ - p - p+ sample requires 4 to 6 times more impulse energy to explode than a {100} (100) oriented sample.
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